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(54) Title: MAGNETIC RECORDING MEDIUM AND MACS^ETIC STORAGE APPARATUS 

00 

2^ (57) Abstract: A magnetic recording medium is provided with at least two antiferromagnetically coupled magnetic layers on a 
^2 VMn alloy underlayer on an amoiphous-like seed layer. The underlayer may contain 55 at.% to 80 at.% V and the rest Mn. The 

seed layer may be made of the ^one oiaterial as the underlayer but reactively sputtered with N2, an alloy of Cr and Ti where Cr is 
Q 25 aL% to 60 at% and the remainder Ti reactively sputtered with N2 or 02, or a pure Ti seed layer reactively sputtered with N2 or 

02. The combination of the seed layer and underlayer improves magnetic layer c-axls in-plane orientation essential for a Synthetic 
^ Fenimagnetic Media (SFM). 
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DESCRIPTION 

MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE 

APPARATUS 

5 

TECHNirAI. FIELD 

The present Invention generally relates to 
magnetic recording media and magnetic storage 
apparatuses^ and more particularly to a longitudinal 
10 magnetic recording medium having an under layer and a 
seed layer for use with antif erromagnetically coupled 
magnetic layers on a substrate, and to a magnetic 
storage apparatus which uses such a magnetic recording 
medium. 

15 

BACKGROUND ART 

A typical longitudinal magnetic recording 
medium is made up of a substrate, a seed layer, a Cr or 
Cr alloy underlayer, a Co alloy magnetic layer where 

20 the information is written, a C overlayer, and an 
organic lubricant which are stacked in this order - 
Substrates that are being presently used include NiP- 
plated Al-Mg and glass • Glass substrates are becoming 
more popular due to their resistance to shock, 

25 smoothness, hardness, light weight, and minimum flutter 
especially at the disk edge. 

The microstructure of the magnetic layer 
which includes grain size, size distribution, preferred 
orientation, and Cr segregation strongly affects the 

30 recording characteristics of the magnetic recording 

medium. The microstructure has widely been controlled 
by the use of seed layers and underlayers. Small grain 
size and size distribution with excellent 
crystallographic orientation are desired of such seed 

35 layers and underlayers. 

Present day magnetic recording media have 
multiple layers below the magnetic layer to promote the 
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necessary microstructure. For this reason, there can 
be confusion in the tersis "seed layer" and "underlayer" . 
In this specification, the seed layer is defined as the 
layer close to the substrate which aid primarily in 
5 promoting a desired crystallographic orientation on the 
succeeding layers, which are usually under layers, 
dBposi*ted on "tire seed layer. The seed layers are mosir 
likely amorphous such as the widely-used NiP» The 
underlayers are crystalline,- mostly bcc such as Cr,. and. 
10 have either a (002), (110), or (112) fiber texture. In 
this specification, a crystalline film directly grown 
on the substrate, which develops a particular preferred 
crystallographic orientation is referred to as an 
under layer, 

15 The most extensively used underlayer has 

been Cr or Cr alloys- such as CrMo, CrWn, CrV, CrTi, and 
CrW, where typically, the Cr content of the Cr alloy is 
at least 70 at.% and the additives are most often for 
enlarging the lattice parameter. The underlayers made 

20 of such materials are usually deposited on a 
mechanically terxtruxed or nontextuxed "NigiPig. 
Mechanical texturing invariably exposes NiP to air 
which oxidizes the film surfaoe. Oxidation is 
important for the Cr to grow with a (002) texture which 

25 results in the subsequently deposited magnetic layer to 
have a (1120) crystallographic texture (or to use a 
different notation, [1120] preferred orientation). 
This is taken advantage of by a U.S. Patent 
No. 5, 866, 227 to Chen et al. in which a reactively 

30 sputtered NiP (with Oj) seed layer on glass substrates 
is described. Typically, Cr is deposited at a 
temperature Ts which satisfies Ts > 180 ""C to promote a 
(002) texture with no (110) peak in the XRD spectrum. 
The Cr deposition at the temperature Ts which is low 

35 ma-y result ±n smaller grains but a (110) texture is 
developed. 

NdP <toes not adhere very w^ll to glass, ^nd 
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thus, an adhesive layer such as that described by a U.S 
Patent No. 6, 139, 9-81 to Chuan-g et al. can be used. On 
NiP seed layers, underlayer grain sizes in the order of 
8 nm to 10 nm can be realized by using, two Cr allo^ 
5 layers and by reducing the total underlayer thickness 
to less than 10 nm. Increasing the total underlayer 
-ttricknes^ tends* to slgrrrflc ant ly Increase the average 
grain size. For example, for a single layer of CreoMOjo^ 
at a thickness t of t = 30 nm,- the av-erage grain size 

10 can be approximately 20 nm which is obviously 

inadequate for present day media noise requirements. L 
Tang et al., "Microstructure and texture evolution of 
Cr thin films with thickness", J. Appl. Phys. vol.74, 
pp. 5025-5032, 19*93 also observed grain diameter 

15 increase with underlayer thickness. To achieve an 
average grain size less than 8 nm is difficult as 
further reduction of the underlayer thickness results 
in magnetic layer c-axis in-plane orientation (IPO) 
degradation. Although the underlayer average grain 

2 0 size can be small, a few large grains occasionally 
occux on wh'ich two or more magnefic grains ma"y grow. 
The effective magnetic anisotropy of such grains may be 
reduced if magnetic isolation is not complete. 

A U.S. Patent No. 5, 693, 426 to Lee et al. 

25 describes ordered intermetallic under layers with a B2 
structure such as NlAl and FeAl. Ordered intermetallic 
alloys with structures such as B2, L^or and L^j are 
expected to have small grain sizes presumably due to 
the strong binding between the component atoms. Both 

30 NiAl and FeAl grow on glass substrates with a (211) 

fiber texture which makes the magnetic layer c-axis to 
be in-plane with a (1010) texture,, as also discussed in 
Lee et al., "NiAl Underlayers For CoCrTa Magnetic Thin 
Films", IEEE Trans. Magn., vol.30, pp. 3951-3953, 1994 

35 and Lee et al., Effects of Cr In"termedlate Laryers^ an 

CoCrPt Thin Film Media on NiAl Underlayers", IEEE Trans 
Magn-.y vol..31>. pp. 2728-2730, 1995. Grain sizes in the 
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order of 12 run can be achieved even for thick layers 
having a thickness greater than 60 nra« The use of tooth 
NiAl and Cr on NiP has also been disclosed by a U.S. 
Patent No. 6,. 010^ 795 to Chen et al. In this case^ NiAl 
5 develops a (001) texture due to the (002) texture of 
the crystalline Cr **pre-underlayer" and the magnetic 
la-yer^ texture is Co (1120) . 

There are other seed layers aside from NiP 
that promote a Cr(Qj02) texture. A U.S. Patent 

10 No.5,685/958 to Bian et al. describes refractory metals 
such as Ta, Cr, Nb, and Mo with a reactive element 
consisting of at least 1% nitrogen or oxygen. In the 
case of Ta, which is reactively sputtered with Ar + N2 
gas, as the Nj volume fraction is increased, Cr f0tJ2) 

15 appears in the XRD spectrum as well as Co(1120). A 

typical underlayer thickness of 50 nm is mentioned in 
Bian et al. and wide variations in the thickness are 
described as only slightly affecting the media magnetic 
characteristics. As the voliame fraction is increased 
.20 to 3.3%, both peaks of the XRD spectrum disappear 
indicating ttie degradartrion of crystallograph'ic 
orientation. Bian et al. proposed a useful range of 
substrate temperature Ts of 150 **C to 330 ^C,. and a more 
preferred range of 210 **C to 250 *C. This would make the 

25 substrate temperature Ts necessary for the deposition 
of the Cr onto Ta-N similar to that onto NiP. A useful 
range of nitrogen partial pressure of 0.1 mTorr to 2 
mTorr is also suggested in Bian et al. The nitrogen 
concentration of the Ta-N films are unknown but may be 

30 between 10 at.% to 50 at.%. 

Kataoka et al,, "Magnetic and Recording 
Characteristics of Cr, Ta^ W and Zr Pre-Coated Glass 
Disks", IEEE Trans. Magn. vol.31. No. 6, pp. 2734-2736, 
1995 which is cited in Bian et al. earlier reported Cr, 

35 Ta, W, and Z'r pre-coating lajners on glass. For Ta 

films, reactive sputtering with the proper amount of Nj 
act^lly improves the succeeding Cr underlayer 
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crystal lographic orientation. Cr directly deposited on 
glass develops- not only the pr-ef erred (OOZ) orientation- 
but also an undesirable (110) texture. 

Oh et al . , "A Study on VMn Underlayer in 
5 CoCrPt Longitudinal Media", IEEE Trans, Magn. vol ,17, 
No. 4/ pp. 1504-1507 reported a VMn alloy underlayer, 
where the V ctyntent is* 71.3 st.% antl Mn is 2'8.7 at.%. 
The known CrV and CrMn underlayers tend to have a Cr 
content of 70 at.-% to 90 at-%.- The Cr proportion is 

10 made significant not only to achieve a desired lattice 
constant but to preserve the property of Cr to develop 
a (002) texture on amorphous seed layers such as NiP. 
V has a high melting point and in principle may grow 
with small grains when sputtered, but the texture is a 

15 very strong (110) on glass and on most seed layers, 
Mn has a low melting point and has been 
considered as an underlayer only in combination with 
other metals as proposed in a U.S. Patent No. 5, 993,956 
to Lambeth et al. CrMn and solid solutions of Mn 

20 alloys are utilized "to provide a template for 

epitaxial growth of the magnetic alloy ^nd prov^ide a 
source of Mn for diffusion to the grain boundaries of 
the Co alloy magnetic layer". Included, in the list of 
alloys is VMn- Although, no composition range was 

25 specified, V and Mn form a solid solution over a wide 
conqposition range. Lambeth et al. also disclosed 
polycrystalline seed layers such as MgO and a myriad of 
B2 materials such as NiAl and FeAl which form as 
"templates" for the succeeding Mn-containing alloys. 

30 VMn is expected to grow with the proper 

crystal lographic texture depending on the template. 
However, no investigations were made on its fiber 
texture or in the use of VMn directly on amorphous seed 
layers to improve its (002) texture. The main feature 

35 of the patent is ttie advantageous ef^fect Mn diffusion 
has on the noise properties of the magnetic layer. 

On the other hand*. Oh et al. described- that 
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when 30 nm of V^^ 3Mn28,7 is grown directly on glass at 
the substrate temperature Ts of Ts = 2GQ^C or 275*C, 
the preferred orientation is (002) . However, there is 
a pronounced peak in the XRD spectrum corresponding to 
5 VMn(llO) and CoCrPt(00.2) for the substrate temperature 
Ts of Ts = 200 **C. For the substrate temperature Ts of 
Ts = 275"^^ the VHh{110) disappears, and the 
CoCrPt(ll.O) peak of the XRD spectrum is more intense 
•compared to a CoCrPt/Cr meditim directly on glass-, which 
10 indicates that the IPO is better for the VMn underlayer 
case. 

Even at a thickness of 30 nm, the V^i^jMnja.i 
grain sizes were significantly smaller (9.8 nm) than 
that of Cr (15.7 nm) . However, Oh et al. found that 

15 diffusion is a problem in this alloy especially at Ts ^ 
20O''C. RBS analysis showed t:ha't not: only Mn but: also V 
diffused into the CoCrPt magnetic layer drastically 
reducing tlie magnetization... They xectified. the. pynm^i^Tn 
by adding a layer of CrMo alloy between the VMn 

20 underlayer and the magnetic layer. Therefore, employed 
to take advantage of Mn diffusion is embodied in 
Lambeth et al., V^i ^Mnjg.? give rise to deleterious 
effecirs as significant V diffiision cannot: be avoided. 
The Vanadium content of CrV underlayers is usually less 

25 than 25 at.% such that it does not adversely affect the 
properties of the magnetic layer compared to V-rich VMn 
alloys. 

For NiAl (211) or VMn (002) underlayers on 
glass and Cr (002) on either NiP or TaN seed layers, 

30 the magnetic grain c-axes of the subsequently deposited 
magnetic layers are largely in the plane. However, the 
degree of alignment differs. Good IPO leads to an 
increase in the remanent magnetization and signal 
thermal stability. Good IPO also improves the 

35 resolution or capacity of the magnetic recording medium 
to support high-density bits. 

Recetitly developed Synthetic Ferrimagne,tic 
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Media (SFM) , such as that proposed in a Japanese Laid- 
Open Patent Application No. 2001 -5-6 92 4-, provide improved 
thermal stability and resolution compared to 
conventional magnetic recording, media of the same 
5 remanent magnetization and thickness product Mrt. Seed 
layers that can be used for conventional magnetic 
recording media can also be us^d for SFM^ bat the 
potential of the SFM media for extending the limits of 
Longitudinal magnetic recording can best be realized if 

10 the IPO is close to perfect. The IPO can be quantified 
by low incident angle XRD such as that made by Doerner 
et al., "Demonstration of 3S Gbits/in^ in Media on 
Glass Substrates'*, IEEE Trans. Magn. vol.37. No. 2, 
pp, 1052-1058, 2001 (for 10 Gbits/in^ and 35 Gbits/in^ 

15 demo) or more simply by taking the ratio h of the 

coercivity normal to and along the film plane. The 
ratio h is described by h = HcJL/Hc, where HcX denotes 
the perpendicular coercivity^ and He denotes the 
coercivity along the film plane. 

20 The ratio h for media on Cr(002)/NiP is 

typically 0.15 or less and the ratio h greater than 0-2 
is observed only for badly matched underlayers and 
magnetic layers. For h < 0.15, the M(») hysteresis 
loop perpendicular to the film normal (perpendicular 

25 hysteresis loop} is approximately linear with field and 
the perpendicular coercivity HcX is typically less than 
500 Oe. In the case of NiAl, the (211) texture is weak 
and thicknesses greater than 50 nm are usually needed 
to realize it and reduce the occurrence of magnetic 

30 grains with a (0002) orientation. Previous work on 
using NiAl directly on glass as a seed layer for 
conventional media res^ulted in poor squarene&s (with h 
> 0.25) and could not match the performance of the 
magnetic recording media having the Cr(002)/NiP 

35 structure. This is the case even when seed layers such 
as NiP and CoCrZr are employed. XRD measurements by 
Dtrerner- et al . showed that the magnetic c-axes are 
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spread over an angle greater than ±20° compared to less 
tha-n ±5° for the- inagn^ic reoording media ha-ving the- 
NiP/Al-Mg substrates. For the magnetic recording media 
having the Ta-N structure, though the Cr(002) and 
5 Co (1120} peaks are visible from the XRD data, h > 0.2 
and the magnetic recording media underperforms the 
magneiric recardlng- media hravlng- ttre Cr-(0t)2>/MlP 
underlayer structure. The Cr alloy underlayer 
thick^ness u^ed here is less than 10 nmA reduction of h 

10 was not observed by further increases in the underlayer 
thickness to > 20 nm. But unlike B2 materials, and 
alloys such as VMn, the average grain diameter of Cr 
alloy underlayers rapidly increases with thickness. 
The IPO of the magnetic recording media having the 

15 3Mn2a.7 underlayers on glass structure was not 

quantified by Oh et al., but investigations made by the 
present inventor show that the ratio h is greater than 
0.15 even for a thickness t of 50 nm. Seed layers that 
lead to the reduction of the ratio h and limit the 

20 necessary VMn thickness to minimize underlayer grain 
lateral growth are therefore needed. 

Aside from the IPO, another concern in the 
manufacturing, of SFM is the increase in the number of 
chambers necessary compared to manufacturing 

25 conventional magnetic recording media especially when 
bare glass substrates are used. Moreover, as 
throughput has to be maintained at a high level, the 
thickness of the deposited film is limited to typically 
30 nm. Seed layers or underlayers that need to be 

30 thicker will require two chambers. The typical 

sequential deposition must also be made in a rapid 
fashion not only to have a high yield but also to 
prevent the temperature of the high emissivity glass 
substrate to drop before the magnetic layers are 

35 depos-ited. Else, a heatring step is needed which will 
require a separate process chamber. The substrate 
emissivity is decreaaed^ by th^e seed, lay^r and. the 
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underlayer such that both cannot be very thin. If a 
bias volta-ge is to be appli^ as in CVD C deposition, 
the total medium thickness needed is usually greater 
than 30 nm. 

5 

DISCLOSURE QF THE INVENTION 

AccorxJlnglyv it: is* a genreral ob-ject at the 
present invention to provide a novel and useful 
magnetic recording, medium and magnetic storage 

10 apparatus r in which the problems described above are 
eliminated. 

The present invention provides a magnetic 
recording medium having a seed layer and an underlayer 
of small grain sizes and excellent in-plane orientation 

15 such that the ratio h is 0,15 or less, where h = HcX/Hc 
Hci. denotes a perpendicular coercivity and He denotes a 
coercivity along the film plane, and to a magnetic 
storage apparatus which uses such a magnetic recording 
medium. The seed layer and the underlayer require only 

20 two chambers to be grown, and are of adequate thickness 
to suff-iciently improve the emissi-vity of the snbstrrate 
This is accomplished by the use of a reactively 
sputtered (with N^- or Oj) amorphous -like seed layer 
such as Cr,^Tiioo.,^ where x = 25 at»% to 60 at,%/ Ta, and 

25 VyMn^joo-y, where y = 40 at.% to 80 at.% and a V^Mn^^o-x 
underlayer, where x = 55 at.% to 80 at.%. The 
underlayer grows with a (002) texture on the seed layer 
which promotes an excellent (1120) crystallographic 
texture for magnetic layers grown above the underlayer. 

30 In accordance with one aspect of the present 

invention, a magnetic recording medium comprises an 
amorphous or amorphous -like seed layer sputtered on a 
glass substrate, a VMn alloy underlayer deposited onto 
the seed layer, and a magnetic layer structure formed 

35 on ttie OTTderTajrer . The magnefic layer structure may be 
a multilayered synthetic f errimagnetic structure of the 
Syntteetio Ferrimagnetic Media (SFM) . 
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in accordance with another aspect of the 
present invention , a magnetic recording medium 
comprises a glass substrate, a Cr/SH^^^^^ seed layer, 
where x = 25 at.% to 60 at.%^ a V^jMnj^o-K under layer* 
5 where x = 55 at.% to 80 at.%, and a plurality of 

antiferromagnetically coupled magnetic layers. The 
magnetic recordring medrium haff ratrio h less than <J . 15 
which is better than magnetic layers on either Cr(002)/ 
Cr^TivcRj-.x/Glass or on V^^Mn^^, directly deposited on gla^s.. 

10 In accordance with a further aspect of the 

present invention, a magnetic recording medixam 
comprises a magnetic layer or a plurality of magnetic 
layers, a glass substrate, a V^njoo-x underlayer, where x 
=-5-5 3^.% to 8^0 at.%, and a reactively^ sputtered seed 

15 layer selected from a group consisting of Cr^Tiioo-x, 

where x = 25 at.% to 60 at.%r Ta, and VyMnioo.y, where y = 
40 at.% to 80 at.%. The sputtering gas is preferably a 
mixture of Ar and N2 or Ar and O2.. The magnetic 
recording medium has a ratio h less than 0.15 which Is 

20 better than magnetic layers on Cr (002) /Cr^Tiioo-x"N/Glass, 
Cr (002) /Ta-N/Glass, or on V^Mnioo-;, ( 002) /VyHnjoo.y/Glass . 

For X = 25 at.% to 60 at.%, Cr,Tiioo-x ^ ^l^s 
reveal no peak in their XRD spectrum even without 
reactive sputtering with nitrogen or oxygen. Either 

25 they are amorphous or the grains are small and 

uncorrelated with each other. Ti-N films, depending on 
substrate temperature during deposition, sometimes 
exhibit a broad peak around 29 = 2B° (A =1.54) 
suggesting an amorphous structure. The other provided 

30 seed layers of the present inv-ention also show no 

distinct XRD signature but the subsequent V^MHioo-x filin 
deposited on any of the seed layers exhibits a (002) 
peak, and the magnetic layer shows a distinct (1120) 
texture. The seed layer is preferably 20 nm to 30 nm 

35 thick* and the V,,Mnioo-x utiderlayer is preferrably 10 nm 
to 30 nm thick. The total thickness of the seed layer 
and uiiderlay-er is preferably 30 nm to- 60 nm.- This 
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preferred range of thicknesses can be deposited in just 
two chanibers and redu<:es th« drop in glass substrate 
temperature during deposition of subsequent layers. 

Another and more specific object of the 
5 present invention is to provide a inagnetic recording 
medium comprising a glass substrate; an amorphous seed 
layer- d€pos±t^ed direct Ijr on sB±d svtostrster a V^Wn^oo-x 
underlayer where x = 55 at.% to 80 at.% formed on said 
amorphous seed layers and a CoCr alloy magnetic layer 

10 disposed on said underlayer, wherein c-axes of said 
magnetic layer is significantly parallel to a film 
plane thereof with a ratio h ^ 0.15, where h = HcL/Hc, 
Hc± denotes a perpendicular coercivity perpendicular to 
the film plane, and He denotes a coercivity along the 

15 film plane. According to the magnetic recording medium 
of the present invention, the VMn alloy underlayer on 
the seed layer promotes excellent IPO matching that of 
magnetic recording media on NiP. 

In the magnetic recording medium, the 

20 magnetic layer may be made up of a synthetic 

ferrimagnetic structure having at least two antiferro- 
magnetically coupled CoCr alloy magnetic layers wherein 
c-axes of t:he magnetic layers are signxficantily 
parallel to the film plane such that h ^ 0.15. The SFM 

25 has improved thermal stability but require excellent 
in-plane orientation, and according to the present 
invention, this is provided by the combination of the 
underlayer and the seed layer. 

The underlayer may have a thickness of 10 nm 

30 to 30 nm. This range of thickness promotes excellent 
crystallographic orientation and not develop large 
grains . 

The seed layer may be made of Cr^Tiioo.,, where 
X = 25 at.% to 60 at.% and have a thickness of 20 nm to 
35 30 nm. The seed layer may be sputtered in an Ar + Nj 
or Ar + O2 gas mixture with or O2 partial pressure P 
of 1* to B%. CrTi with N or O also promotes excellent 
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crystallographic orientation for the VMn underlayer. 

The seed layer may be made of Ta and have -a 
thickness of 20 nm to 30 nm. The seed layer may be 
sputtered in an Ar + gas mixture with partial 
5 pressure P„ « 3% to 9%. Ta-N promotes excellent 

crystallographic orientation for the VMn underlayer. 

The seed layer^ may be made orf VyMnioo-y where y 
=40 at.% to 80 at.% and have a thickness of 20 nm to 
30 nm sputtered in an Ar + gas mixture with N2 
10 partial pressure = 1% to 8%. VyMnioo-y-N promotes 
excellent crystallographic orientation for the VMn 
under layer . 

A total thickness of the seed layer and the 
underlayer may be greater than 30 nm and less than 60 

15 nm. These are preferred thicknesses to limit the 

number of chambers needed to deposit the two layers ^ 
provide enough coating to the glass substrate to reduce 
its emissivlty and therefore reduce the rate of cooling^ 
and adequate electrical conductivity for an effective C 

20 deposition by CVD with voltage biasing. 

The seed layer may be deposited at a 
substrate temperature Ts of 50**C < Ts < 300*^0 directly 
on the glass substrate* Due to the seed layer,- the 
range of the substrate temperature Ts for the seed 

25 layer is expanded. 

The seed layer may be made of NiP pre*coated 
on the glass substrate* NiP seed layer promotes an 
excellent crystallographic orientation for the VMn 
underlayer. 

30 The magnetic recording medium may further 

comprise a Cr-M diffusion barrier layer having a 
thickness of 1 nm to 10 nm formed directly on the 
underlayer and disposed between the underlayer and the 
magnetic layer or synthetic f errimagnetic structure ^ 

35 where M is a material selected from a groap coTisistrirng 
of Mo, Ti, V, and W of atomic proportion greater than 
or equal to 10%* Cr-rich alloys adhere well, to many 
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types of materials such that it makes a good buffer 
layer between the underlayer and the ma-gneti<: layer- 
It prevents the diffusion of too much V into the 
magnetic layer. Since the Cr lattice parameter (a = 
5 0.2886 nm) is smaller than the VMn underlayer lattice 
parameter (a > 0.29 nm) , it is advantageous to alloy Cr 
with a larger element such a-s those- included: in the 
above group. 

The magnetic, recordings medium ma,y further 

10 comprise an interlayer made of a slightly magnetic or 
nonmagnetic hep structured CoCr alloy and having a 
thickness of 1 nm to 5 nm in direct contact with the 
magnetic layer or synthetic f errimagnetic structure and 
disposed between the underlayer and the magnetic layer 

15 or synthetic f errimagnetic structure. When HCP 

magnetic CoCr alloys are -grown directly on BCC Cr alloy 
films, a portion of the magnetic layer in contact with 
the BCC underlayer is adversely affected due to lattice 
mismatch and or Cr or VMn diffusion. The magnetic 

20 layer magnetic anisotropy is reduced as well as the 
totral magnetiz-ation. The use of an HCP non-magnetric 
interlayer prevents such effects to happen on the 
magnetic layer. As a result/- the magnetic anisotropy 
is increased as well as the coercivity, the in-plane 

25 orientation is Improved as this added layer provides a 
way to gradually match lattice parameters^ and the full 
magnetization is obtained, i.e., the ^Mead layer" is 
minimized. Moreover, the formation of smaller grains 
at the interface is also minimized. 

30 The magnetic recording medium may further 

comprise- a protective layer made of C and having a 
thickness of 1 nm to 5 nm and an organic lubricant 
having a thickness of 1 nm to 3 nm- The C layer which 
may be deposited by CVD is hard and protects the 

35 magnetic recording medium not only from atntiospheric 

degradation but also from the slider which carries the 
wrirte hea^d- and read sensor. The lubri-cant reduces 
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stiction between the slider and the magnetic recording 
medium. 

A further object of the present invention is 
to provide a magnetic storage apjoaratus which uses at 
5 least one magnetic recording medium according to the 
present invention having any of the structures 
desrcrxbed above. The ntagnetric refcortllng raedlumr msy bre 
a magnetic disk. 

Other objects and further features of the 
10 present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DRSnRTPTTOKT OF THF. nRAWTNH.q 

15 FIG. 1 is* a cross' sectional view showing a 

layer structure of a first magnetic recording medium 
having a Cr underlayer and NiP seed layer; 

FIG. 2 is a cross sectional view showing a 
layer structure of a second magnetic recording medium 

20 having a layer structure similar to FIG. 1 but with a 
plurality of antiferromagnetically coupled magnetic 
layers; 

FIG. 3 is a cross sectional view showing a 
layer structure of a third magnetic recording medium 
25 having a V-jJ^n^^o underlayer on glass; 

FIG. 4 is a cross sectional view showing a 
layer structure of a fourth magnetic recording medium 
having a refractory metal seed layer; 

FIG. 5 is a cross sectional view showing an 
30 important part of a first embodiment of a magnetic 
recording medium according to the present invention; 

FIG. 6 is a cross sectional view showing an 
important part of a second embodiment of the magnetic 
recording medium according to the present invention; 
35 FIG. 7 shows the XRD spectra of SFM on a 

V^sMnjs underrlayefr vsrith Cr,,Tiioo-x seed layers; 

FIGS. 8A through 8D show corresponding 
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perpendicular hysteresis loops with respect to FIG. 7 
fox X = 30 ^t.% to &0 at.%; 

FIG. 9 is a plot showing XRD patterns for 
films with structure COeaCrjiPt^Tag/Crgj^Ojo/Vj^nioo.,, /Ta^N 
5 where x =36 at.% to 84 at.% on glass substrates; 

FIGS* lOA through lOF are plots showing 
perpendicular hysteresis loops for the film structure 
used in FIG. 9 measured with a Kerr magnetometer; 

FIG. 11 is a plo-t showing XRD patterns for 
10 films of structure COegCrjiPteTaa/CraoMOjo/V^oMnso with and 
without a Ta-N seed layer; 

FIG. 12 is a plot showing the XRD patterns 
for the magnetic recording media with the structure 
COg3Cr2iPt8Ta2 /CrepMOjo/V^oMnjo/Ta-N (P^ =» 8%) grown at 
IS different temperatures; 

FIGS. ISA through 13C are plots showing the 
perpendicular hysteresis loops for the structure used 
in FIG. 12; 

FIG. 14 is a plot showing the perpendicular 
20 coercivity Hc± of media on V^oMngo/Ta-N for different 
nitrogen partial pressures and on V^oMngo/NiP; 

FIGS. ISA and 15B are plots showing the in- 
plane and out-of -plane hysteresis, loops of an SFM on 
V„Mn25; 

25 FIGS. 16A and 16B are plots showing the in- 

plane and out-of-plane hysteresis loops of an SFM on 
V75Mn25/V,5Mn25-N6% ; 

FXG. 17 is a plot showing the in-plane 
hysteresis loops of an SFM on Cr<002)/NiP and an SFM on 
30 V„Mn25(2S nm) /V75Mn25-N6% (25 nm> ; 

FIGS. 18A and 18B are plots showing the 
perpendicular hysteresis loops of CoCrPtBCu media on 
V„Mn„/NiP with and without CrMo; 

FIGS. 18C and 18D are plots showing the 
35 perpendicular hysteresis loops of CoCrPtTa media on 
Vj^Mn^/NiP with and without CrMo; 

FIG. 19^ is a cross sectional view showing an 
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important part of an embodiment of a magnetic storage 
apparatus according to the present invention; and- 
FIG, 20 is a plan view of the magnetic 
storage apparatus shown in FIG. 19 with a top cover 
5 removed. 

BEST MODE QF CARRYING OUT THE TNVRKTTQM 

Aluminum substrates with electroplated NiP 
has been widely used for many years . When grown at 

10 high substrate temperatures Ts > 150**C/ Cr alloy 
under layers form the desirable (002) orientation. 
Sputtered NiP on glass has proven to be as effective in 
promoting the proper crystallographic orientation of Cr 
underlayers as disclosed in a U.S. Patent No. 5, 866,227 

15 to Chen et al . Therefore r with the same seed layer, 
existing Al media technology can be used for the 
subsequent layers . 

FIGS. 1 through 4 show cross sections of 
layer structures of various magnetic recording media 

20 for facilitating the understanding of a magnetic 

recording medium according to the present invention. 
FIG. 1 is a cross sectional view showing a layer 
structure of a first magnetic recording medivun having a 
Cr underlayer and NiP seed layer. FIG. 2 is a cross 

25 sectional view showing a layer structure of a second 
magnetic recording medium having a la^er structure 
similar to FIG. 1 but with a plurality of 
antiferromagnetically coupled magnetic layers. FIG, 3 
is a cross sectional view showing a layer structure of 

30 a third magnetic recording medium having a V^gMnao 

underlayer on glass. FIG. 4 is a cross sectiOf>dl view 
showing a layer structure of a fourth magnetic 
recording medium having a refractory metal seed layer. 
In FIGS. 2 through A, those parts which are the same as 

35 those corresponding parts in FIG. 1 are designated by 
the same reference numerals, and a description thereof 
will be omitted. 
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In FIG. 1, on a glass substrate 100 is 
formed an amorphous layer 102 of WiP. The »iP layer 
102 is preferably oxidized. To enhance the adhesion of 
NiP to glass, elements such as Cr may be alloyed with 
5 NiP or a separate adhesive layer 101 consisting 

essentially of Cr may be provided between the substrate 
100 and the NiP layer 102, On the NiP layer 102 is 
grown an underlayer made up of first and second 
underlayers 103 and 1&4 consisting essentially of Cr 

10 with a (002) texture on which a magnetic layer 106 is 
deposited. The second Cr underlayer 104 usually has a 
larger lattice parameter than the first Cr underlayer 
103. The magnetic layer 106 has a (1120) 
crystallographic orientation, and may be made up of a 

15 single layer or two layers that are in direct contact 

and behave magnetically as one. An interlayer 10-5 mad& 
of a CoCr alloy may be disposed between the magnetic 
layer 106 and the second Cr underlayer 104. On the 
magnetic layer 106, a thin layer 107 of C and an 

20 organic lubricant layer 108 are successively deposited 
for use with a magnetic transducer such as a spin-valve 
head on a slider of a magnetic storage apparatus. 

The layer structure shown in FIG. 2 is 
similar to that shown in FIG. 1, but the magnetic layer 

25 106 is made up of a plurality of magnetic layers 106-1 
and 106-2 that are antif erro^magnetically coupled 
through a spacer layer 109 made of Ru. For the two- 
layer SFM shown in FIG. 2, the first magnetic layer 
106-1 functions as a stabilizing layer, and the second 

30 magnetic layer 106-2 functions as a main recording 
layer. 

In FIG. 3, on the glass substrate 100 is 
formed a V^^ 3Mn2B.7 underlayer 113 on which a magnetic 
layer 106 is deposited. To prevent the diffusion of V 
35 and Mn into the magnetic layer 106, a CrHo alloy 114 
may be disposed between the underlayer 113 and the 
magoFvetic layer 



wo 03/083840 



PCT/JP02/03204 



-18- 

Though Oh et al. reported primarily on the 
microstructure of VMn uPKlerlayers and n-ot o-n read-'Write 
properties of media with VMn under layers, the structure 
shown in FIG. 2 is its expected realization when used 
5 in a magnetic storage apparatus such as a magnetic disk 
drive. 

FIG, 3 would also be similar to a mediimi as 
disclosed by Lambeth et al. except that the VMn alloy 
is situated such that adequate diffusion of Mn into the 

10 magnetic layer occurs. Direct contact with the 

magnetic layer is therefore preferred or layer 114 can 
be made very thin (< 1 nm) to presumably control Mn 
diffusion. A (polycrystalline) seed layer that 
provides a fOOl) teit^late is also included in prior art 

1 5 media . 

In FIG- 4, a refractory metal seed layer 122 
made of Ta-M, where M is either nitrogen or oxygen, is 
formed on the substrate 100. The Ta-M seed layer 122 
is formed either by reactive sputtering with Ar + or 

20 Ar + O2 gas. An underlayer 123 is deposited on this 

Ta-M seed layer 122. The magnetic layer 106 is formed 
on the underlayer 123 with a (1120) preferred 
orientation. A U.S. Patent No. S, e&S, 9^58 specifies the 
crystallographic orientation of (002), but there is no 

25 suggestions as to the composition of the underlayer. 
Hence, the present inventor made investigations on Cr 
or Cr alloy underlayers, although no attempt has been 
-made in "the prior art on other tmdBrlayer materials 
such as B2 materials, for example, as will be described 

30 in the following in conjunction with the embodiments of 
the present invention. 

FIG. 5 is a cross sectional view showing an 
important part of a first embodiment of a magnetic 
recording medium according to the present invention, 

35 and FIG. 6 is a cross sectional view showing an 

important part of a second embodiment of the magnetic 
recording medium according to the present invention. 
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In FIG. 6, those parts which are the same as those 
correspojiding i>arts in FIG. 5 are desigrtated by the- 
same reference numerals, and a description thereof will 
be omitted. 

5 In FIGS. 5 and 6, a seed layer 2 is formed 

on a glass substrate 1, and an underlayer 3 made of an 
intermetallic VMn alloy is formed on the seed layer 2. 
On the underlayer 3 is formed a magnetic layer 6 in the 
case of the first embodiment shown in FIG. 5^ or a 

10 plurality of magnetic layers 6-1 and 6-2 that are 

antiferromagnetically coupled through a Ru spacer 9 in 
the case of the second embodiment shown in FIG. 6. The 
magnetic layers 6-1 and 6-2 and the Ru spacer layer 9 
form a Synthetic Ferrimagnetic Media (SFM) structure. 

15 A Cr alloy diffusion barrier layer 4 made of 

a material such as CrMo may be formed between- the- 
magnetic layer 6 or the SFM structure and the VMn alloy 
underlayer 3, In addition^ an interlayer 5 may be 
inserted between the magnetic layer 6 or the SFM 

20 structure and the VMn alloy underlayer 3 or the Cr 
alloy layer 4. An overcoat layer 7 made of C and a 
lubricant layer 8 are successively formed on the 
magnetic layer 6- or the SFM structure for protection 
and use with a magnetic transducer such as a spin-valve 

2 5 head on a slider of a magnetic storage apparatus 
according to the present invention which will be 
described later. 

The glass substrate 1 may be mechanically 
textured to promote an anisotropic distribution of the 

30 c-axes of the magnetic layer 6-1 (aiKi 6-2 > along the 

film plane. In addition, the seed layer 2 may be made 
of NiP pre-cbated on the glass substrate 1. In this 
case, the NiP layer forming the seed layer 2 may be 
mechanically textured to promote an anisotropic 

35 distribution of the c-axes of the magnetic layer 6^1 
(and 6-2) along the film plane. 

The diffusion barrier layer 4 may he made of 
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Cr-M and have a thickness of 1 nm to 10 nm, for example, 
where M is a material selected from a group- co^>sisting- 
of Mo, Ti^ V, and W of atomic proportion greater than 
or equal to 10%, The Cr-M diffusion barrier layer 4 
5 desirably has a thickness of 2 nm or greater to more 
positively prevent the diffusion of V and Mn from the 
underlayer 3 into the magnetic layer 6-1. 

The interlayer 5 may be made of a slightly 
magnetic or nonmagnetic HCP structured CoCr alloy and 

10 have a thickness of 1 nm to 5 nm, for example. When 
HCP magnetic CoCr alloys are grown directly on BCC Cr 
alloy films, a portion of the magnetic layer in contact 
with the BCC underlayer is adversely affected due to 
lattice mismatch and or Cr or VMn diffusion- Hence, in 

15 this case, the interlayer 5 can function as a diffusion 
barrier layer. The magnetic layer magnetic anisotropy 
is reduced as well as the total magnetization. The use 
of an HCP non-magnetic interlayer prevents such effects 
to happen on the magnetic layer. As a result, the 

20 magnetic anisotropy is increased as well as the 

coercivity, the in-plane orientation is improved as 
this added layer provides a way to gradually match 
lattice parameters'^ and the full magnetization is 
obtained, i.e., the 'Mead layer" is minimized. 

25 Moreover* the formation of smaller grains at the 
interface is also minimized. 

The underlayer 3 is made of an alloy of VMn 
where the V content is 55 at.% to 80 at.%, and has a 
thickness preferably in a range of 10 nm to 30 nm. The 

30 seed layer 2 is made of a mat«-rial select-ed from- Cr^Ti- 
Oioo-xr where x = 25 at.% to 60 at.% where Pq > 1%, Ta-N, 
where a nitrogen partial pressure P^ relative to Ar 
during sputtering is 3% to 9%, or VyMn^oo-y-Nr where y = 
40 at.% to 80 at.% and P„ is at least 1%. 

35 FIG. 7 shows the XRD spectra of SFM on a 

V^sMnjs (20 nm) underlayer with Cr,Tiioo-x seed layers (15 
nmy . TRe seed layers were reactively sputtered in 
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Ar+oxygen with partial pressure « 8%. The exact 
composition of the seect layers after reactive 
sputtering is unknown but the power for separate Cr and 
Ti targets were adjusted to obtain x = 30, 40, 50 and 
5 60 dt.% when Pq = 0%. The mediiam layer structure is 
CoCrPtB/Ru/CoCrPtB/CoCrTa/CrMo/VMn/CrTi-O/Glass. The 
VHh (0021 texture is very good as shown by the peak 
near 63* . A 5 nm-thick Cr80Mo20 diffusion barrier 
layer is used and its small (0-02> peak causes the 

10 slight broadening on the right side of the VMn (002) 
peak. The excellent L002\ texture results in an 
intense CoCrPtB (1120) peak near TS"* • No (110) 
signature can be observed and there are also no peaks 
due to the Cr-Ti-0 seed layers indicating their 

15 amorphous or amorphous -1 ike nature. 

riGS. ffA through 8D show the corresponding 
perpendicular hysteresis loops for x = 30 at.% to 60 
dt.%. FroHir FIG. 7, the most intense, peaks are observed 
for X = 50 at.% but the IPO is similar for all samples 
,ZQ wiJth HcX the leasJt for k = ao .a.t..% t293 Qe) . 

FIG. 9 shows XRD patterns for films with 
structure COggCrjiPteTaj (15 nm) /CrgoMOjo (5 nm) /V^Mn^oo-x (20 
nm)/Ta-N f25 nm) where x = 36 at.% to 84 at.% on glass 
substrates. In PIG. 9, the ordinate indicates the 

25 intensity in arbitrary units, and the abscissa 

indicates 26 . The intensities are shown for the 
VMn alloys V^^Mn^^^ V^n^i.^ V^^Mn^,^ ^^i^n^y^ V^gMnj^, and 
VaeMn^fl- Ta deposition was made with a Pj, of 8%, and the 
magnetic layer was deposited at 230*'C. Peaks 

30 corresponding to VMn (110) are observed for x = 46 at.% 
and 84 at.%. 

FIGS. l&A through lOP are plots showing 
perpendicular hysteresis loops for the film structure 
used in FIG. 9 measured with a Kerr magnetometer. In 

35 FIGS. lOA through lOF and FIGS. 13A through 13C, 15B, 
16B and FIGS. 18A through 18D which will be described 
later, Hci. denotes the perpendicular coercivity. In 
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FIGS, lOA through lOF, the ordinate indicates Kerr 
ro-tation B ideg.y, and the abscissa iTidicates the 
applied field (kOe) . In FIG. lOA^ Hc± = 1044 Oe and 6 
= 0-055. In FIG. lOB^ HcX = 3^0 Oe and 6 = 0.065.. In 
5 FIG. IOC, Hc± « 299 Oe and 0 = 0.064. In FIG. lOD, 

Hc± - 79 Oe and B 0.070. In FIG- lOE, HcX = 1496 Oe 
and 0 = 0.045. In FIG. lOF, Hc± = 421 Oe and 0 = 
0.042. Least perpendicular coercivity Hq± is exhibited 
by films with x = 57 at.%, 63 at.%, and 74 at.%. 

10 Further investigation on a magnetic layer with boron 
also showed good IPO for x = 51 at.%. 

FIG. 11 shows XRD patterns for films of 
structure COe^CrgiPtgTaj (15 nmj /CreoMOao t5 nm) /V,oMn3o t20 
nm) with and without a Ta-N seed layer. In FIG. 11, 

15 the ordinate indicates the intensity in arbitrary units, 
and the abscissa indicates 29 . Spectrum I is for 
the structure with the TaN seed layer, and spectriam II 
is- for the st:ructure without the Ta-N seed layer. 
Peaks corresponding to VMn(002) or CrMo(002) and 

20 Co < 1120) are sagniflcantly enhanced udth the us^ o£ the 
provided seed layer. The broad peak around 28 = 28^ in 
the lowest curve in FIG. 9 corresponds to Ta-N 
suggesting an amorphous structure, but this is not 
visible at higher substrate temperatures Ts. The seed 

25 layer is preferably 20 nm to 30 nm thick and the Vj^MniQo- 
X underlayer is preferably 10 nm to 30 nm thick. The 
total thickness of th^ seed layer and underlayer is 
preferably 30 nm to 60 nm. This preferred range of 
thicknesses can. be deposxted. in. just two chambers and 

30 reduces the drop in substrate temperature during 

deposition of subsequent layers. The combination of 
seed layer and underlayer provided by the present 
invention allows a wide range of process ten^eratures • 
Th^ seed layer can be deposited between room 

35 temperature and 300**C and the underlayer between lOO^C 
and 3£X)^C^ However, since g.la3S substrates are 
typically heated to at least 100®C to promote 
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outgassing and cleaning of the surface, the seed layer 
is p-referably depK>sited at a aubstrate temperature Ts- 
of Ts ^ 100*^C and, to prevent glass substrates from 
warping to temperatures^ cuear 30.0**C* The VMn. alLoy 
5 deposited directly on glass as reported by Oh et al. 
exhibited better crystal lographic orientation (as 
indicated by the XRD CoCrPtCll-&) peak intensity) at Ts 
= 275^C compared to that grown at Ts = 200**C. Such 
dependence is less pronounced with the use o-f seed 
10 layers although high temperatures (> 200^C) are still 
preferred . 

FIG. 12 shows the XRD patterns for the 
magnetic recording media with the structure 
Co^^Cr^^FUTa^ (15 nm) /CrBoMb2o (5 nm)/V,oMn3o (20 nm) /Ta-N 

15 (25 nm) (Pj, = 8%) grown with different heating times. 
The temperatures Ts- of lOO^'C, 14&^C and ISO^C were 
estimated from the different heating times. In FIG. 12, 
the ordinate indicates the intensity in arbitrary units g 
and the abscissa indicates 26 (^) . As in FIG. 9, Pn - 

20 8% for Ta deposition and the magnetic layer deposition 
was at Ts - 230**C. Even at low substrate temperature 
Ts of less than 180 °C, the crystallographic orientation 
is better than that of using Wn without a Ta-PT seed 
layer deposited at 240*C as shown in FIG. 11. 

25 FIGS. 13A thro^igh 13C show the co-rresponding 

perpendicular hysteresis loops measured with a Kerr 
magnetometer- In FIGS. 13A through 13CU the ordinate 
indicates Kerr rotation 6 (deg.), and the abscissa 
indicates the applied field (kOe) . In FIG* 13A, Hc± = 

30 647 Ge and 0 =^ 0.066 at 100 ""C. In FIG. 13B, Hc± = 647 
Oe and 0 = 0.058 at 140**C. In FIG. 13C, Hc± 79 Oe 
and S = 0.070 at ISC^C. Consistent witTi tbe XRD 
graphs, the perpendicular hysteresis loops are 
approximately linear with field with low Jto-L valtres*. 

35 FIG. 14 shows the dependence of 

per.pRndicul ar coercxvity RclL on, tbe N. cont.ent> of Xa* 
In FIG. 14, the ordinate indicates the perpendicular 
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coercivity Hc± (Oe)^ and the abscissa indicates the N 
partial pressure (%)-. The best IPO ia ob-aerved- for P^, 
= 2% to 8% for which indicates the data for a Ta-N 

seed layer and 10 nm-thick V5.7Mn^3 underlayer. Although* 
5 the provided seed layers of the present invention show 
no distinct XRD signature, the subsequent V^njoo-x film 
deposited on any of the seed layers exhibits a (002) 
peak and the magnetic layer or layer structure shows* a 
distinct (112&)- texture* 

10 Also shown in FIG. 14 are data for a 

NifiiPig seed layer for a 10 nm-thick V75Mn35 underlayer. 
Excellent IPO is observed even at an underlayer 
thickness of 10 nm and was confirmed also for t = 4 nm. 
This makes VMn alloys applicable to NiP-coated Al-Mg 

15 metal substrates but for glass substrates, since the 
adhesion of -a s-puttered NiP layer is weak, an 
additional adhesive layer may be necessary, requiring 
more process chambers^ not to mention the need to 
either reactively sputter NiP with O2 or oxidize its 

20 surface. However, this may be viable if NiP-plated 
glass substrates are available in sufficient supply. 

FIGS. ISA and 15B show the hysteresis loops 
for a two-layer SFM on a VMn underlayer in comparison 
to that on V^sMnjs with a V,5Mn25-N6% seed layer. In FIG. 

25 15A, the ordinate indicates the Kerr rotation 9 (deg.), 
and the abscissa indicates the magnetic field H (Oe) • 
In FIG. 15B, the ordinate indicates the Kerr rotation 
&(deg.), and the abscissa indicates the applied field 
(Oe) . In FIG. 15B, the structure is SFM/CreoMOjo (3 

30 rm) /VftfAn2s (25nift)/ V^jMnjs (25 nm) , and the perpendicular 
hysteresis loop shows Hc± = 696 Oe and 0= 0.059 at 
220 °C. From FIG. 15A the characteristic SFM kink is 
not very distinct for the media. For media with 
inadequate IPO, bit resolution is hardly improved over 

35 single-layer media fabricated on the same underlayer. 

FIGS. 16A and 16B show the hysteresis loops 
fo^r medria oaa a V75Hn2s under l&yer directly on glass in 
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comparison to that with a V75Mn25"N6% seed layer. In 
FI6. 1€A, the ordinate indicates the Kerr ro'tation- Q- 
(deg.)r and the abscissa indicates the magnetic field H 
tOel . In FIG. 16B« the ordinate indicates the Kerr 
5 rotation d (deg.)r and the abscissa indicates the 
applied field (Oe) . For FIG. 16B, the structure is 
SFM/CreoMOjo (3 nm) /V^^Mnjs (25nni) /V^Mngs-N (P„«6%) (25 nm) , 
Hc±Hc = 580 Oe and 9 = 0.061 at 220**C. The medium 
with a V75Pfn25-N seed layer has an Siso/Nm that is 5 dB 

10 better than the medium without the nitride seed layer. 
Moreover^ a furrther improvefaent of -1-4 dB can be 
achieved by increasing the nitrogen partial fraction 
from 6% to 8%. For media with inadequate IPO^ bit 
resolution is hardly improved over single-layer media 

15 fabricated on the same underlayer. As a consequence of 
IPO improvement with proper seed layers ^ the kink is 
more pronounced. Not only are media read-write 
properties Improved bxit this also makes it easier to 
measure the exchange coupling between the magnetic 

20 layers which is very useful for mass production control. 

Interestingly, the magnetization of the 
first la.yer of an SFM grown on a VMn-alloy underlayer 
is larger than that grown on Cr/NiP. FIG. 17 shows the 
in-plane hysteresis loops for an SFM with the structure 

25 Co-alloy (18 nm) /Ru/Co-alloy (3 nm) /CoCr-alloy (1 

nm)/CrMo (5 nm) /V^Mnj^ (25 nm> /V75Mn25-N6% (25 nm) /Glass 
and Co-allo-y <17 nm) /Ru/Co-allo-y (3 nift> /CoCr-alloy (1 
nm) /CrMo/CrMoW/NiP/Cr/Glass. The double Cr-alloy 
underlayer for the latter is for grain size and lattice 

30 parameter control. The Co-alloy used is made of Co-Cr- 
Pt-B-Cu and is the same for both media and all layers, 
•yet a clear shoulder is observed only for the SFM on 
VMn. With VMn underlayers, near bulk properties are 
achieved at very low thickness values, 

35 Much of the investigation of the present 

inventor was carried out with a CoeaCr^PtgTaj magnetic 
layer which from a crystallographic viewpoint may not 
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be so different from the CoCrPt alloy employed by Oh et 
al. Although rrvag^F^tio layers Vfit*> bo-roa -are also^ 
expected to be similar, the magnetic anisotropy is 
sensitive to the presesence or absence of a Cr alloy 
5 between the VMn underlayer and the magnetic layer* 

FIGS. ISA through 18D show the perpendicular 
hysteresis loops for CoCrPtra and CoCrPtBCu media on 
VMn/NiP with and without CrgoMOjo. In FIGS. ISA through 
IS-D, the ordinate indicates the- Kerr rotatiorv & fdeg.)-, 

10 and the abscissa indicates the applied field (Oe) . 

Without the CrMo layer* the magnetic anisotropy of 
the CoCrPtBCu media is significantly reduced. As poor 
lattice matching was not expected for the compositions 
investigated by the present inventor, it is most likely 

15 that such drastic change is most likely due to VMn 

diffusion into the magnetic layer. The effect may be 
more significant due to the smaller grains 
characteristic of CoCrPtB alloys compared to the CoCrPt 
alloy that Oh et al. has studied. In the absence of 

20 CrMo, no such behavior was observed for COggCrjxPtgTag- 

The IPO is also preserved indicating that such class of 
materials (CoCrPtTa alloys) can be good interlayers and 
s-erve as- a diffusion barrier to protect magnetic layers^ 
with boron. 

25 As VMn was not investigated in Lambeth et 

al., the adverse effect of VMn alloys on CoCrPtB 
magnetic alloys was not discovered. Moreover, Mn 
diffusion if any does not affect CoCtPtTa alloys as 
much as it affects CoCtPt (used by both Oh et al. and 

30 LaR^eth et al-)- CoCrTa, as pointed ov:t in Lambeth et 
al., is already less influenced by Mn compared to 
CoCrPt. 

FIGS. ISA through 18D are plots showing 
perpendicular hysteresis loops for the films with 
35 various structures on glass substrates measured with a 
Kerr magnetometer. In FIG. ISA, the structure is 
CoCrPtBCtr/CreoMOjo (5 nm) /V^fMn^^/ni?, Hci = 1044 Oe and 
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6 « 0.055. In FIG. 18B, the structure is CoCrPtBCu/ 
V^^Mn^a/NlP, Hc± = 3*60 Oe and & = 8.0*65. Iti FIG, l&C, 
structure is CoCrPtTa/CreoMOjo (5 nm) /Vg3Mn3,/NiP, Hc± = 
29-9 Oe and ft = 0.&64. In FIG. 180^ structure is 
5 CoCrPtTa/Vg3Mn37/NiP^ Hc± = 79 Oe and d = 0.070. For 

example, the magnetic layer thickness is 15 nm, the VMn 
layer thickness is on the order of approximately 10 nm, 
and the NiP thickness is 25 nm in these cases. 

More layers may be added to the media 

10 structure here described such as a pre-seed layer 

before the seed' layer which although not preferred due 
to the increase in process chambers, may be employed. 
Eor. e-xampla,. we have observed that, media Aii.th struct^ure 
CoCrPtB/CoCr/CrMo/TaN /Glass can be improved by 

15 inserting a surface-oxidized NiP between the TaN seed 
layer and the glass substrate. However, in this case, 
media on Cr/NiP performed better (higher signal-to- 
noisie ratio) than media on Cr/TaN/NiP but the argviment 
stands that pre-seed layers may improve the described 

20 embodimentB • There jnay be inoxe seed layers known to 

those skilled in the art that are capable of improving 
the in-plane orientation of the VMn alloy here 
presented, the use of which does not deviate from the 
spirit of the present invention. Moreover, though the 

25 en4>odiments were made -specifically for rigid gla-s-s 
substrates, the invention may be readily applied by 
those ski 1 1 ed in the art to othex substrates su.ch as 
metal, polymer, plastic, or ceramic flexible and rigid 
substrates and still not depart from the spirit of the 

30 present invention. 

FIG. 19 is a cross sectional view showing an 
important part of an embodiment of the magnetic storage 
apparatus according to the present invention, and FIG. 
20 is a plan view of the magnetic storage apparatus 

35 shown in FIG. 19 with a top cover removed. 

In FIGS. 19 and 20, on a base 13 is mounted 
a motor 14 which turns a hub 15 on which are attached 
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magnetic recording disks 16. Information is read by a 
MR (or GMR) heaxl which is a1:ta-ched to a slider 17. An 
inductive-type head may be merged with the MR element. 
The si Ider 17 Jjs. connec.t.ed t.Q a SLUspens±Qix 1.8 whxcb 
5 pushes the slider 17 against the disk surface. The 
slider surface is further patterned such that for a 
given disTc rotation speed and suspension stiffness, fhe 
slider 17 flies at a particular height above the 
magnetic disk surface. The suspension 18 is in turn 

10 fixed to a rigid arm 19 which is connected to an 

actuator 20. This provides the ability to write over a 
large portion of the magnetic recording disks 16. 

In this embodiment of the magnetic storage 
apparatus, each magnetic recording disk 16 has the 

15 structure of either one of the first and second 

embodiineTits of the magnetic recording medium described 
above . 

Of course f the magnetic recording medium is 
not limited to the magnetic recording disk, and the 
20 magnetic recording medium may take a form other than a 
dislc, sucTi as a card and a tape. 

Further, the present invention is not 
limited to these embodiments, but various variations 
and modifications may be made without departing from 
25 the scope o£ tlue present Invention*. 



30 



35 
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CLAIMS 

1. A magnetic recording medium comprising: 
a glass substrate; 

5 an amorphous seed layer deposited directly on 

said substrate; 

a VJ5!nioo-x underlayer where x = 55 at.% to 80" at.% 
formed on said amorphous seed layer; and 

a CoCr alloy magnetic layer disposed on said 
10 underlayer, 

wherein c-axes of said magnetic layer is 
significantly parallel to a film plane thereof with a 
ratio h < 0.15^ where h = Hc±/Hc, HcX denotes a 
perpendicular coerclvlty perpendicular to t:he film 
15 plane, and He denotes a coercivity along the film plane. 

2. The magnetic recording medium according 
to claim 1, wherein said magnetic layer is made up of a 
synthetic f errimagnetic structure having at least two 

20 antiferro-magnetically coupled CoCr alloy magnetic 
layers wherein c-axes of the magnetic layers are 

significantly parallel to the film plane such that h ^ 
0-15, 

25 3. The magnetic recording medium according 

to claim 1 or 2, wherein said underlayer has a 
thickness of 5 nm to 30 nm. 

4. The magnetic recording meditam according 
30 to any of claims 1 to 3,^ wherein said seed layer is 

made of Cr^Tijoo-K where x « 25 at.% to 60 at.% and has a 
thickness of 20 nm to 30 nm. 

5. The magnetic recording medium according 
35 to any of claims 1 to 3^ wherein said seed layer is 

made of Ta and has a thickness of 20 nm to 30 nm. 
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6, The magnetic recording medium according 
to any of claims 1 to 3, wherein said- s-eed* layer is 
made of VyMn^oo-y where y = 40 at.% to 80 at.% and has a 
thjjcJcn£t&a oJE 2.Q nm. tn 3jO jam-. 

7. The magnetic recording medium according 
to any of claims I to 6, wherein a total thicTcness of 
said seed layer and said underlayer is greater than 30 
•nm^ and less than €-0 nm. 

8^ The magnetic recording medium accoxding 
to any of claims 1 to 3, wherein said seed layer is 
made of NiP pre-coated on said glass substrate. 

15 9. The magnetic recording medium according 

to any of claims 1 to 8-, further xromprising^r 

a Cr-M layer having a thickness of 1 nm to 10 nm 
formexL direx:tly on said underlayer and disposed between 
said underlayer and said magnetic layer or synthetic 

20 f errimagnetic structure r where M is a material selected 
from a group consisting of Mo^ Ti, V, and W of atomic 
proportion greater than or equal to 10%. 

10. The magnetic recording medivmi according 
25 to any o£ clai.ms 1 to 9^ fuxther con^xi^ingr 

an interlayer made of a slightly magnetic or 
nonmagnetic hep structured CoCr alloy and having a 
thickness of 1 nm to 5 nm in direct contact with said 
magnetic layer or synthetic f errimagnetic structure and 
30 disposed between said underlayer and- s-a-id ma^grretic 
layer or synthetic f errimagnetic structure. 

11. The magnetic recording medium according 
to any of claims 1 to 10, further comprising: 

35 a protective layer made of C and having a 

thickness of 1 nm to 5 nm and an organic lubricant 
having a thickness of 1 nm to 3 nm. 
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12. The magnetic recording medium according 
to arry of ciainrs i to 11, wherein isaid xgia*s^ ^trstrnte- 
is mechanically textured to promote an anisotropic 
distribution of the c-axes of said magnetic layer along 
5 the film plane. 

.13, The magnetic recording medium according 
to claim 8, wherein said Nip layer is mechanically 
textured to promote an anisotropic distribution of the 
10 c-axes of said magnetic layer along the film plane. 

14. A magnetic storage apparatus 

comprising: 

a magnetic recording medium having a glass 

15 STubstrate, a CoCr alloy magnetic layer, a Vj^MnjoQ., 

underlayer where x = 55 at . % to 80 at.% formed on an 
amorphous seed layer which is formed directly on said 
glass substrate, wherein c-axes of said magnetic layer 
is significantly parallel to a film plane with a ratio 

20 h ^ 0.15, where h = Hc±/Hc, Hc± denotes a perpendicular 
coercivity perpendicular to the film plane, and He 
denotes a coercivity along the film plane'; and 

a transducer to write a read data on said medium. 

25 15. The magnetic storage apparatus 

according to claim 14, wherein the magnetic layer of 
said magnetic recording medium has a synthetic 
ferrimagnetic structure made up of at least two 
antif erromagnetically coupled CoCr alloy magnetic 

30 layers wherein c-axes of magnetic layers are 

significantly parallel to tbe film pla^ such, that h ^ 
0.15. 

16. The magnetic storage apparatus 
35 according to claim 14 or 15, wherein the underlayer of 
said magnetic recording medium has a thickness of 5 nm 
ta 30 mi'. 
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17. The magnetic storage apparatus 
axrcorxdlng- to atvy xyf claiirrs 14 to 1^, wherein th^- s^ed- 
layer of said magnetic recording medium is made of 
Cx^TiiocHx where x = 20 at.% to 60 at^% and has a 

5 thickness of 20 nm to 30 nm. 

18. The magnetic storage apparatus 
according to any or claims 14 to 16", wherein the seed 
layer of said magnetic recording medium is made of Ta 

10 o£ and' has thickness of 2G nm to 30 nm-. 

19. The magnetic storage apparatus 
according to any of claims 14 to 16, wherein the seed 
layer of said magnetic recording medium is made of 

15 VyMnjoQ.y where y 4& at . % to &0 at . %- and- has a thickness 
of 20 nm to 30 nm. 

20. The magnetic storage apparatus 
according to any of claims 14 to 19, wherein a total 

20 thickness of the seed layer and the underlayer of* said' 
magnetic recording medium is greater than 30 nm and 
less than 6-0 nm. 

21. The magnetic storage apparatus 

25 according to any of claims 14 to 16*, wherein the seed 
layer of said magnetic recording medium is made of NiP 
pre-oaated xyn said g'la-s^ substrate. 

22. The magnetic storage apparatus 

30 according to any of claims 14 to 21, wherein said 

magnetic recording medium further has a Cr-M layer with 
a ttiictai«;ss of 1 nm^ to 10 nm formed dlrexTtly on the 
underlayer and disposed between the underlayer and the 
magnetic. Xayer ox synthetic, f errimagnetic. structure 

35 where M is a material selected from a group consisting 
of Mo, Ti, V, and W of atomic proportion greater than 
or equal to 10%. 
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23- The magnetic storage apparatus 
ax:tro^rd:in-g to- any of claiirrs 14 to 22, wtrereirr ■said* 
magnetic recording medium further has an interlayer 
madeu o±. a. 3.1JLgiitJ.y magjiejtli::. or noxunagnetic hep 
5 structured CoCr alloy film having thickness of 1 nm to 
5 nm in direct contact with the magnetic layer or 
syntlietic f errimagnetic structure and disposed between 
the underlayer and the magnetic layer or synthetic 
f errimagnetic structure. 
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FIG.8C 
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FIG.10A 
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FIG.10D 
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FIG.13A 
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FIG.18A 
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FIG.18C 
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the case Irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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